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Introduction

In the early theories of the meteor process, tile meteoroid was con-

sidered to be a solid body (_ik 1937). Observations of photographic

meteors (Jacchia 1!_55) showed that the meteoroid was not a solid object,

but was a loose conglomeration of fragments that were shed continuously

as the meteoroid p_netrated the atmosphere. Progress has been made to-

wards developing a new theory of the meteor process to allow for frag-

mentation (_ik 1958), but the problem is complex. A typical meteor

detected with a Super-Schmidt camera, visual magnitude +3, has a density

of 0.4 gm cm -3. During the luminous flight many thousands of fragments

are shed and the total light and ionization produced is the sum of the

contributions fro_ all of these independent fragments. Some of the

Super-Schmidt meteors, particularly those of low velocity and faint

magnitudej suffered total fragmentation on meeting air resistance.

iBoston Uniw rsity, Boston, Mass ; Smithsonian Astrophysical

Observatory and Harvard College Observatory, Cambridge, Mass.

2Smithsonian Astrophysical Observatory, Cambridge, Mass.

-i-



The meteoroid completely disintegrated at the commencementof its luminous

path and produced _L cluster of independent particles. The crushing

lO4 -2strength of this material is dynes cm , or approximately one third

of a pound per sq_Lre inch (McCrosky 1955). There are many objects

amongst the very bright meteors that are solid pieces of stone and iron.

The objects that p::oduce fireballs are asteroidal fragments, whereas

meteors with magnitudes between -5 and +5 are the debris ejected from

comets. For examp[e_ a fireball as bright as the moon, visual magnitude

-12, has a 95 _rcent probability of being a solid fragment (Hawkins 1959).

However, fireballs of this brightness are a rarity and are not related to

the average meteor. A progressive change therefore occurs in the physical

characteristics of meteors as one goes from the brighter to the fainter

objects. It is of interest to extend the observations to the regime of

very faint meteors. This paper describes measurements that have been

made by the Radio Meteor Project to a limiting visual magnitude of +I0.

Observational Data

A six-statioz radar system has been operated at Havana, Illinois,

at a frequency of 40.92 mcs (Hawkins 1963). The Fresnel pattern of the

meteor is measured with a digitized film viewer, and the data are proces-

sed by a 7090 IBM Digital machine. The system measures velocity with a

-1
precision of about • ½km sec , and the electron density is measured

along the trail at six positions or less. The total ionization is cal-

culated by integrating the ionization curve, and the magnitude of the

meteor is derived from the theoretical ionizing efficiency (Lazarus and

Hawkins 1963). %_le mass of an individual meteor may have an uncertainty
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of a factor of 2, largely because of uncertainty in the position of the

meteor trail within the antenna pattern. There mayalso be a systematic

error in all masseskecause of the present uncertainty in the ionizing

efficiency. It should be noted that the adopted luminous efficiency

gives a meteor of zelo visual magnitude a mass of I gm (Whipple 1963),

and the ionizing efficiency gives a mass of 5 gmfor the samemeteor.

It is impossible to reduce this discrepancy without experimental deter-

minations of the ionizing efficiency, and at the present time there may

be a systematic error of approximately a factor of five in the massscale

of either method.

Approximately 3; 500 meteors have been observed and reduced with the

equipment. Under certain restrictive conditions it is possible to

measure the height of someof these meteors. Whenthe radiant of the

meteor is in such a position that the meteor trail is aligned with the

direction of the tra_Ismitting antenna, then the echo line (Clegg 19_8)

passes through the antenna pattern at almost constant altitude. This

geometry is illustra_ed in Fig. 1 where the sensitivity contours of the

transmitting anterma are shown, together with a locus of possible echoing

points for given zenith angles of the radiant. Since the zenith angle

of the radiant is measuredby the system, the altitude of the echo point

is known and the height can be determined from a knowledge of the range.

The estimated error hu this height determination is • _ km, accurate

enough for statistical purposes.
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The physical data for 327 meteors are listed in Table i. The sample

represents all meteors for which heights could be obtained during the

period from November 1961 to M_rch 1962. Apart from the radiant selection

mentioned in the previous section, these meteors are a random sample.

Most of the meteors do not belong to the major streams, and Gemlnld,

Quadrantid and other stream meteors are marked in the Table. The time

of appearance of the meteor is given in C.S.T.

The maximum magnitude was derived from the maximum electron llne

density gmax per met_=r by use of the relation

Msx = 40 - 2.5 loglo 9ma x (I)

This magnitude corresponds approximately to the visual magnitude of the

meteor, although to be precise it must be called a radio magnltude. We

may convert to vlsuE1 magnitude by adding a small correction, 6M, which

may be called a velocity index (Hawkins 1956). A revised value (McKinley

1961) of the velocity index is given in Table 2.

Table 2

VeLocity Index (Visual = Radio + Index)

-1
v km sec lO 20 30 40 50 60

Index -1.5 -0.7 -0.3 0.0 _0.2 +0.4

It can be seen that the two magnitude scales coincide at a velocity of

40 kin/see.
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The original ma_s of the meteor, m_ has been determined from the

relation

m = 1.86 x i0 -14 Q v -3"4 (2)

where Q is the total number of electrons in the trail, v is the mean

velocity of the meteor in km sec -I and the mass is given in gm.

The density glw,_n in Table 1 must be regarded as a nominal density,

because it is impossible to determine the original density of the

meteoroid before total fragmentation occurred. This nominal density has

been obtained by applying the drag equation, on the assumption that the

meteoroid is a singl, _ body and that the product rA = 1.0;

3/2 -½

Pm = T (3)

The deceleration _ is in units of km sec -2, and P is the atmospheric
a

density correspondizg to the mean height of the trail. The nominal

density must not be taken as that of the meteoroid before entering the

atmosphere since there is no quantitative connection between these values.

The nominal denslty_ however, is a useful parameter for estimating the

number and size of the fragments produced by the meteoroid. If we assume

that the meteor breaks up into N identical fragments of density Po' then

a re-examination of equation (3) shows that

• 2
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If one assumes that the fragments are spherical with radius s then the

radius is given by t_e expression

m i/3 2/3 po-i (5)s = O. 62 Pm

In fact, the fragments will be unequal in size and only the larger ones

will be observed. Hence, N is a lower limit to the number of fragments,

and s is an upper limit to the average radius.

The quantity o Js the deceleration parameter used in photographic

studies of meteors. It is defined by the relation

- (6)
mv$

and in the single body theory it is equal to A/2 r_ , where A is the

heat.transfer coefficient, F is the drag coefficient, and _ is the

energy required to ablate one gm of the meteoroid. In the single body

theory, o is easy to evaluate from known physical constants. For most

materials the value Js close to 10 -12 cgs units. For a meteoroid that

is shedding fragments or breaking up, the deceleration parameter does not

have such a clear meening, but it is a useful quantity for studying the

behavior of the metecroid.

An appropriate _onization curve could be deduced for a majority of

the meteors in the ssmple. The "beginning" and "end" heights of these

meteors are the extrspolated heights at which the ionization was Just

detectable, and the "maximum" heights are at the maxima of the ionization

curves. The "beginning" height adopted for a meteor without an adequate
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ionization curve is 0.8 km above the highest po}nt detected in the

Fresnel patterns, and the "end" height is 0.8 km below the lowest point

detected. The value 0.8 km is equal to o.h of the average spacing be-

tween the echo point s from two adjoining stations. The adopted "maximum"

height for these meleors is the mean of the beginning and the end.

The height of [_eteors is tabulated as a function of velocity and

magnitude in Table ]_. The blanks in the table, of course, represent

velocity and magnitude classes for which no meteors were observed.

Table 4 gives the a2rage heights for all but seven of the meteors as a

function of the measured velocity. These seven meteors were observed

with low (25 km) tr_nsmitter power, and are omitted from Table 4 in

order to have a mor_ homogeneous sample.

Table 4

_eight as a function of velocity

10-15 15-20 2C-25 25-30 30-35 35-40 40-_5 _5-50 50-55 55-60 km/sec

Hioeg 88.8 94.O 9C .6 93.5 95.3 96.5 I01.2 98.5 93.6 95.8

H 84.7 90.3 8_. 7 89.2 91.0 92.3 97- i 94.9 90.4 91.8
max

H 81.7 86.7 8Z .i 85.3 87.0 88.3 92.6 90.8 87.6 88.0
end

H 85.2 90.3 86.8 89.3 91. i 92.4 97. O 9b_.7 90.5 91.9
mean

Number 2 9 3._ 68 iOO 68 21 9 2 2

In these tables the data for shower meteors have been included

because we could detect no difference between the data for stream and

for sporadic meteors.
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Of the 327 meteors, 78 show decelerations that are less than two

thirds of their standard errors. These meteors represent, in general,

poor quality observstions and have been rejected from the deceleration

analysis. In Table 5 we give the deceleration parameter, _ , and the

nominal density, Pm' for various classes of velocity and magnitude.

Finally, in Table 6 we give the deceleration, - v, as a function of

ve loc Ity.

Discussion

From the foregcing data we have derived the following approximate

correlations for height, deceleration, deceleration parameter and nominal

dens ity:

Hmean = 91 _ 18 loglo (v/3 O) - 2.7 (Mma x - 8.5) (7)

lOg o I'}I: 1.2 + 1,9 lOglo(v/30)• 0.15 (Mmax - (8)

loglo o = -ii.6 - 2.Z loglo (v/30) - O.e (M x - 8.5) (9)

logloP m = -i.3 - i._ log (v/30) + O.l:(Mma x - 8.5) (i0)

logloP m = -i.42 + 0.O7 (loglo moo + 2.5) • (Ii)

-i
The velocity is in units of km sec and M is a rs_io magnitude.

max

The most significant result in these correlations is that in equation

(7)_the dependence of mean height on magnitude. The theoretical relation-

ship between H and v depends upon the ionizing probability 8. If the

value for 8 is taken from Lazarus and Hawkins (1963) and used in the

single body theory, then equation (7-26) of McKinley (1961) becomes
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Hma x = constant + _I loglo v + 1.8 Mma x • (12)

For the present pucpose the difference between H and H may be
mes/l max

ignored and we may compare equations (7) and (12) directly. The experi-

mental values clearly differ considerably from the predictions of the

single body theory. In particular, the height is found to depend less

strongly on velocity as indicated by the theory. The height decreases

for fainter meteors instead of increasing as the theory predicts.

It is interesting to note that we can interpret the observational

data in terms of the deceleration parameter a, and the nominal density

0m, both of which are related to the physical characteristics of the

meteors. If a and P are treated as variables, then one must add extra
m

terms to equation (12). This equation becomes

= constant + 41 lOgloV • 1.8 M • 12 - 8 • (13)Hmax max l°glO ° l°gloPm

If we now substitute the observed correlations as given by equations

(9) and (lO) into the theoretical equation (13), then the height-velocity

relationship be con_s

}[max = constant + 24 lOgloV - 1.4 Mmax " (14)

This equation is _n fair agreement with equation (7), and shows that the

theory must be mo(_ified to account for the differences in physical

characteristics of meteors as a function of velocity and magnitude.
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The mean heights measured in this program may be compared with those

obtained from similar radio echo observations. Evans (1955) has deter-

mined the height o£ meteors as a function of velocity, using a double

antenna system which permitted the measurement of the angle of elevation

of the echo point. The mean characteristic heights determined by Evans

are represented by the line in Figure 2. The characteristic height is

the height corrected so as to apply to the point of maximum ionization

of the faintest meheor detected by his equipment. It is closely com-

parable to the "mean" height quoted in this experiment. The limiting

magnitude of Evan's equipment was +6.5, some three magnitudes brighter

than that of the Badio Meteor Project. The two sets of observations

are in fair agreement, but neither is consistant with the curve cor-

responding to the single body theory. This discrepancy is accounted

for in terms of the physical characteristics of the meteors as shown in

the derivation of equation (14).

That the height of faint meteors are anm_alous Js shown_ in Figure 3,

where the height (f maximum ionization (or maximum light) is plotted as

a function of magzitude. The photographic meteors tend to follow the

single body theory remarkably well, but at magnitude 43, meteors begin

to penetrate the _tmosphere to greater depths than the theory predicts.

The results of the Radio M_teor Project have been divided into two

groups having recall magnitudes of *6.7 and 49.3, respectively. At these

faint magnitudes the meteor trails are some i0 km lower than the expected

height. This anomalous behavior is indeed fortunate for radar programs,
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for if the trails were occurring at the predicted heights, then the echoes

would be distorted by the effects of diffusion in the atmosphere. The

height anomaly is the primary cause of the high quality Fresnel patterns

obtained in the Radio Meteor Project. The height anomaly also minimizes

the selection effects which would otherwise be introduced by the diffusion

ceiling.

The height-nagnitude curve in Figure 3 can be interpreted in the

following manner. Bright meteors continuously shed fragments during

their passage through the atmosphere and thus behave to someextent as

a single body. She larger meteoroids are extremely fragile and particles

are dislodged at an early stage in the trajectory. On the other hand,

the fainter meteors at magnitude _9 do not shed fragments, but disinte-

grate completely at the beginning of the trajectory. Super-Schmidt

meteors at magnitude +3 represent a transition region where someof the

meteors are showing total fragmentation at the beginning of the trajectory.

This maybe due Zo the fact that the meteoroids are so small that the

shedding of a la_er of fragments is tantamount to break-up of the body.

The majority of the faint radio meteors show total fragmentation, as

will be shownin the discussion of a. These meteors occur at approxi-

mately the sameheight as the Super-Schmidt meteors and therefore exhibit

the samecrushing strength. There are indications, however, that the

crushing strength may increase slightly for the small objects, because

the meanheight of meteors at magnitude +9 is approximately 1 km lower

than meteors at +8.
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Further confirmation of our interpretation of the physical

characteristics of _eteors is given by the deceleration parameter G.

The correlation sho_n in eqr_tlon (9) is weak, but it indicates that

reaches the value for a single body at the limiting magnitude of the
-ipresent equipment. At a velocity of 30 km sec , for example, a = lO-12

at a magnitude of +]0.5. At this point we are presumably dealing either

with a single particle or with a cluster of independent particles.

Wecan distinguish between a cluster and a single particle by

referring to the nominal density P . In every group, the average densitym

is considerably lesi_ than that for a solid fragment of stone or iron.

Wemaytake _o = 2.!_, while the average value of lOglO PmiS -1.42 as given

by equation (ll). '_ne average number of particles is then given by

equation (4) as approximately 4,000. The average radius s is given by

equation (5) and is 40 microns. The mass of an individual fragment is

approximately lO -6 Era.

It is surprisiag to note that the number of fragments is almost

independent of the mass of the meteoroid in the radio meteor sample.

Equation (ll)shows only a slight correlation between the nominal

density and the mass of the meteoroid. Thus, it seems that several

thousand fragments are observed whether the meteor is large or small.

This may indicate that the fragments produced by disintegration of a

meteoroid are unequal in size. If there is a size distribution amongst

the fragments then it is conceivable that the observations will detect

about a thousand of the largest fragments and that there may be many

more smaller frag_nts that are not contributing to the total ionization.
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There are also indJ.cations that the high velocity meteors are smashed

more thoroughly them slow meteors. Equation (i0) showsthat Pmdecreases
2

with velocity and hence that the number of fragments, N, increases as v .
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h, UAIL TIME.

196- CS1

l 2 3

3246 8DLI

3254 8DE1

$255 8DE1

3258 8DEI

3260 83£1

MAX NAbN LOS _LG MAX LNLJ

11#6N RISE Z HT Hf Hr

4 5 6 7 8 9 10 11 12

V vUOT ER- LOG LOG LOG

ROR MASS DLN5 SIGMA

13 14 15 16 17 18

347 5 D 8.3 1.9 .85 99.6* 92.0 86.8* 35.4 16. 8.1 -2.3 -1.6 -11.9

412 3 B 8.3 2.1 ,84 92.71 89.6* 86.4* 27.9 8.5 3.0 -2.2 -i.I -11.3

413 4 8 9,3 1,5 ,79 84,7" 80,9* 77,2* 20,6 23, 6,6 -2,1 -leO -Ii,9

438G 3 8 8,8 1,5 ,82 98,9* 96,0* 93,2* 30,5 4,2 25, -2,6 -I,0 -ll,O

445 3 S 8,5 1,7 ,84 102,7" 99,5* 96,3" 33,8 15, 15, -2,6 -2,1 -11,6

3275 8DEI 535 3 _ 8.2 2,b ,69 100,2 97.0* 93,8 29.3 35, 6,7 -2,2 -2,8 -12,0

3280 80EI 546 3 8 9,2 1,6 ,71 92,9* 90.1" 87,3* 27.7 23, 7,7 -2,6 -1,6 -11,8

3289 8061 627 3 B 8,7 2,0 ,75 95.0 92,3 90,2 32,1 28, 9,7 -2,7 -1,8 -II,8

3314 9Dhl 410 3 B 8,2 2,0 ,83 99,6* 96,5* 93,4* 33,7 21, 8,4 -2,5 -2,1 -11,7

3315 90£1 412 3 B _,I 2,5 ,75 93,I 90.4* 88,1 24,2 12, 3,2 -2,0 -1,7 -11.4

3318 9D£I 440 4 _ 8.2 2,0 ,85 95,5* 91.1" 86,6" 31,9 15, 3,2 -2,3 -i,4 -11,7

3337 9D£I 510G 4 _ _,6 1,8 ,79 96,9* 92.3* 87,6* 31,5 16, 2,5 -2,4 -1,6 -11,8

3341 9DE[ 558G 4 _ 8,9 1,8 ,69 95,2 88,5 86,1" 31,8 16, 3,4 -2,5 -i,3 -11,9

3343 93£I 6 0 4 B 8,i 2,4 ,76 99,3* 93,6 88,7* 42,2-5,4 4,3 -2,5 -0,6 -11,4

3345 93£I 6 IG 4 B 9,2 1,5 ,71 94,8* 90,6" 86,4* 32,1 6,4 8,6 -2,6 -0,6 -11,4

3370 9D£1 720 4 B _o] 2,3 ,81 97,1" 94,7 85.6* 45,2 39, 5,0 -2,6 -I,5 -12,3

3413 lOOtl 510 3 b 7,7 2,5 ,86 95,2* 92,0" 88,9* 45,5-11, 24, -2,8 -0,7 -11,4

3416 lODEl 515 4 B 8,8 1,7 ,70 102,9 98,8 95,0 32,7 22, 3,7 -2,5 -2,5 -11,9

3423 IOOEI 517 4 B b,8 1,4 ,83 99,3 94,3 89,3 26,8 I0, 3,4 -2,2 -1,9 -11,6

3429 lODE1 523 4 8 8,2 2,5 ,72 97,1" 93,1" 89,2* 23,5 5,5 1,2 -1,8 -1,6 -11,3

3433 lODtl 526G 4 B 8,4 2,2 ,76 94,7 90,7 87,2 36,7 10, 6,3 -2,6 -0,8 -II,5

3438 lOOEl 539G 4 B 8,8 1,9 ,71 100,3" 96,1 t 91,9" 34,5 26, 3,7 -2,6 -2,1 -12,0

3439 lODE1 540G 3 B 9,3 1,4 ,75 92,0" 89,0" 86,1" 33,3 27, 5,9 -2,9 -1,2 -11.8

3443 lODE1 545G 3 B 8,9 1,7 ,74 91,9" 89,0* 86,0" 33,1 18, 5,8 -2,7 -I,0 -11,7

3445 lODE1 548G 4 8 9,8 0,8 ,72 101,9" 97,9* 93,8" 32,4 28, 8,6 -2,9 -2,3 -12,0

3452 IODEI 556 5 8 8,4 2,0 ,81 95,4 89,7 84,0 36,6 14, 4,3 -2,4 -0,9 -11,8

3453 lOOEl 558G 3 _ 9,0 l,O ,76 92,7 88,8 86,1" 34,9 5,5 9,5 -2,8 -0,2 -11,2

3455 lODE1 559 5 _ 9,3 l,b ,66 92,8* 87,9* 82,9" 32,2 19, 5,2 -2,6 -i,0 -12,0

3470 IODEI 7 3 3 B 8,3 1,9 ,89 88,6* 83,5" 80,3* 48,6-18, 18, -3,1 0,3 -11,6

3483 lODE1 8 6 3 8 8,9 1,4 ,86 89,2* 86,2* 83,2* 24,7 5,3 i0, -2,3 -O,a -ii,i

3523 IIDLt 460 4 B 9,1 1,5 ,79 94,0* 88,2 83,3* 34,4 22, 4,6 -2,6 -1,2 -12,0

3525 fIDE1 5 3 4 8 8,0 2,5 ,72 i14,6"|I0,5"I06,3 * 36,6 20, 3,2 -2,3 -3,5 -11,9

_555 fIDE1 537G 4 D 8,7 1,8 ,74 103,9 97,2 93,8" 34,2 5,8 6,6 -2,5 -1,7 -11,4

3556 fIDE1 539 3 B b.6 1,6 ,88 92,2* 89,0" 85,9" 38,0 20, 12, -2,9 -0,8 -11,7

3557 fiDE1 542G 4 B _,4 2,5 ,71 92,5 88_4 84,3* 30,6 49, 15, -2,2 -1,9 -12,3

J559 IID£1

3560 I1DE1

3562 I1DCl

3563 IIDLI

3564 IIDLI

544G 4 D _,6 2,1 ,75 91,5 _ 84,7 80,8_ 31,8 19, 1,9 -2,3 -i,0 -12,0

545 4 S _,9 I,_ ,8u 99,8' 95,8* 91,7" 27,2 14, 3,1 -2,_ -2.0 -11,7

552G & b b,2 2,4 ,72 103,9" 99,8" 95,7* 34,1 9a5 3,6 -2,3 -2,0 -11,5

556(, 3 D 8,3 2,5 ,71 89,6 86,2* 83,8* 34,7-2,3 5,2 -2,6 0,5 -10,8

557 4 8 _,3 2,0 ,82 102,3 95,6 92,6* 31,0-5,i 5,1 -2,2 -I,6 -11,3

3573 llDhl 638 4 B 9,Z 1,4 ,78 95o5 90,0 84,9" 21,6 ,95 3,_ -2,3 0,3 -i0,6

3575 IIDLI 645 4 8 _,3 2,2 ,78 95,0 90,5 H6,6" 36,8 22, 6,9 -2,5 -I,4 -11,9

3586 IIDtl 712 4 B 7,9 2,5 ,84 93,8" 89,2" 84,6" 56,6 12, 22, -3,0 0,0 -11,6

3604 fiDE! 811 4 S 9,0 1,5 ,84 91,8" 84,4 79,3" 28,6 18, 1,8 -2,3 -0,9 -11,9

3610 11Ohl 820 4 B 7,9 2,5 ,83 96o0" 91,5' 86,9 w 48,8 9,1 I0, -2,7 -0,4 -I[,5

3639 13DLI

3641 13DL1

3642 13DLI

3649 13DLJ

9650 13DE]

531G 3 B s,_ 2,0 , 16

531 3 8 8,4 2,_ ,83

532 3 D V,3 Io4 ,80

540 3 B 9,1 1,4 ,83

543G 3 B _,6 Io9 o71

_2,7" ?9,9 76,1 3(_,2 40o 21, -Z,_ -0,6 -12,1

16,5" 73,4" 70o4" 28,8 70o |I, -2,4 -0,5 -12,2

81,8" 78,7" 75,6" 21,0 _,6 2,8 -d,2 -0,2 -11,3

86,8" 83,1 • 80,5" 28,q 1,1 6,3 -2,6 -0,0 -11,3

';6,4 93,0 90,0* "_3,6 14, 6,5 -2,6 -I,5 -11.6



NO DATETIME MAXMAGNCOS_EG MAX END
196- CST MAGNRISEZ HT HT HT

1 2 3 4 9 S 7 8 9 10 11 12

V VDOT ER- LOG LOG LOG

ROR MASS DENS SIGMA

13 14 15 16 17 18

3653 13DE1 548G 4 B 8,2 2,4 ,TO i06,2"I01,9" 97_5" 34,7 2,1 II, -2,3 -i,3 -10,9

3654 150£1 549<_ 3 _ 8,8 1,8 J77 89,7" 86,7* 83,7_ 34,4 15, 27, -2,7 -0,6 -11,6

3657 13DE1 6 2 3 _ 8,8 1,8 .81 86,6* 83.5* 80,4* 27,8 16, 8,3 -2,4 -0,6 -11,6

3664 13DE1 713 3 6 8,3 2,2 ,84 86,0* 82,9* 79,7" 25.2 27, 16, -2,1 -1,2 -11,8

3669 130£I 726 3 _ 7.7 2,5 ,_5 97,7* 94,5* 91,3" 56,0 38, 36, -3,0 -1,3 -12,0

3681 13DEI

3895 14DEl

3906 14DEI

3934 14DEI

3941 14DEI

755 3 B 8,3 2,0 ,86 92,2* 89,1" 86,0* 51.1 85, 35, -3,2 -1.3 -12,3

328 3 B 8,5 ],7 ,84 101,0" 98,0" 95,1" 25,8 20, II, -2,3 -2,6 -11,7

4 4 4 8 8,3 2,5 .76 88.5* 84,3* 78,6* 24,5 13, 2,0 -1,8 -0,9 -11,7

521 3 8 8,5 2,0 ,83 87,7" 84.7* 81,6" 35.6 )3, 8,1 -2,7 -0,8 -11,9

530 5 B 8,6 2,2 ,70 91,5 85,6 80,4* 25,1 13, 1,8 -1,9 -1,2 -ii,8

3946 14DEl

3950 14DE1

3952 14D£I

3953 14051

3974 15DE1

535 6 B 8,1 2.2 ,79 i13,8 104,4 99.0" 38.1 9,3 4.5 -2,2 -2,7 -II.8

545G 5 _ 8,3 2,1 e78 105.8"100,4" 95.1* 30,6 14, 2,6 -2,1 -2,6 -11,8

557G 3 _ 8,2 2,5 ,70 95,3 92.0* 89_6" 34.7 5,9 2,6 -2.5 -0,9 -11,2

6 0 4 8 8,9 1,5 ,83 94,4 89.8 85,2 37,9 16, 6,2 -2,8 -0,8 -11,8

413 4 B 8,5 2,3 ,71 93,8" 89,7" 85,6" 24,8 16. 4,I -260 -1,7 -ii,8

3989 15DE1

3994 150£I

3996 15061

4004 15DE1

4005 150£I

S 0 5 B 7,5 2,3 +87 I15,3"Ii0,I*i04,8" 43.7 35. 12, -2,4 -3,6 -12.1

5 7 5 B 8.3 2o3 ,73 98,0 92,1 87,4" 32.7 23, 2,3 -2,2 -2,0 -12,0

513 3 B 7,_ 2_5 ,89 106,2 I03,4"i01,2 45,5 6,4 16, -2,7 -i,7 -11,1

541 4 B 8,3 2,0 ,87 86.9" 86,9" 76,0* 33,3 17, 2,3 -2,3 -0,3 -11,8

548 3 B 8.3 2.0 .88 81,3" 78,2* 75,0* 32,4 17, 8,8 -2.5 0,2 -11.6

4006 150EI

4008 150£I

4009 15061

4010 150£i

4013 15DEl

549 5 _ _,2 2,1 ,83 lO0,O* 94,7" 89,3" 37,8 ii, 3,4 -2.5 -i,3 -ii,7

555G 4 _ 8,2 2,5 ,72 99,3* 92,1 89.5" 34,2 2,9 4,3 -2.2 -0,7 -Ii,I

557G 4 B 8,7 1,9 .71 I03o_* 98,8 93,I" 3_,0 7,7 2,9 -2,4 -i,8 -ii,6

598G 4 8 8_6 2,0 ,72 98,2 89.4 _8,1" 33,i 3,9 2,9 -2,4 -0,8 -11,3

620G 3 B 9,3 1,4 ,69 96,5 93.3 90,5" 30,4 4,2 15, -2.7 -0,8 -II,I

40]9 150£1 7 6 4 B 8.6 2,0 _79 87,1" 85,4 76_2" 34,5 36, 3,6 -2,4 -0,7 -12,2

4030 20A2 ii 8 4 B 8.0 2,5 ,74 94,4 91,0" 88.5 41,0 ,04 40, -2,7 2,9 -9,0

4038 20A2 1123 3 B 8,4 2,1 ,77 93,4 89.6 86,7 30,9 22, 7,5 -2,4 -1,4 -11.8

4039 2JA2 1124 3 8 8,3 1,6 ,82 114,7 111.8 109,9 45,0 67, 43, -3,1 -3,8 -12,1

4042 20A2 12190 3 B 7,9 2,5 ,79 91,7 89,1 87,2 37,6 31, 23, -2,7 -1,3 -11,8

4046 2JA2 1230 3 B _,6 1,6 ,83 95,7" 92,5" 89.3* 36,4-I,6 13, -2,8 0.2 -10.6

4047 2JA2 12_bO 3 _ 7,9 2,5 a?5 99,0" 96,3" 91.4" 42.2 94, 33, -2,6 -2,6 -12,5

4137 30A2 IU 2 3 _ _,5 1,8 ,81 94,8 91,7 89.2 50,8 20, 16, -3,3 -0.6 -11,7

4138 30A2 I0 6 4 _ 8,6 1,6 ,86 95,2 _ 91,I* 87.0" 28,0 II, 4,2 -2,3 -1,3 -11,5

41_0 3JA2 1024 4 8 8,2 1,8 ,84 I07,0"I02,8_ 98,6" 37,_ _6, 6,8 -2,5 -2,4 -11,7

4144 3JA2 11120 5 B 7.B 2,2 ,88 9S,9' 98.9" 86,1" 39,7 17, 7,1 -2.3 -I,4 -II,9

4)45 3JA2 1113C_ 4 _ _I 2,U ,88 94,3" 90.3_ 86,2_ 37.1 69_ 23, -2,5 -_.9 -12.3

4146 3JA2 1114 3 _ 8.9 1,6 ,74 95,9 90.3 87,9" 35,3 30, 8,0 -2,9 -I,4 -I|,9

4147 3JA2 1115 4 B 9.3 1,0 ,82 92,6" 87,7 81,9" 35,6 23, 5,9 -2,8 -0,8 -12,0

4150 30A2 11220 4 _ _,b ],4 .88 91.7" 87_7 81,4 39,6 ii, 5,7 -2,7 -0,i -11.6

415i 3JA2 1128 3 B _.b 1,8 ,_3 91.3 88,1 85,9 37,I ii, Ii, -2,8 -0,4 -11.4

4152 _JA2 1128 3 b _,9 2,b ,_2 _,6 85,8 _ S2,6 25.5 19. 2,a -2,0 -1,2 -11,7

4154 }JAZ IIZDO 4 u _,b 1,6 ,_6 _A.5* _O,b" 86,4" Jl.7 28, bo2 -2,7 -1.2 -|1,9

4156 JJA2 lieu _ # _+_5 lab ,S2 a9,1 8!).1 S2,3 27,2 16, 5.N -2,4 -0,_ -11,0

4157 _JAz 121U0 4 b _,9 1,4 ,82 '16,4" 90,4 85,4" 40,9 14, ao4 -2,8 -0.9 -11,8

_161 _JA2 1217U 4 _ /09 2,_ ,_I 9_,9" 94,1' _9.[_" _7,8-,12 5,5 -2,4 I,_ -u,7

4162 3JA2 ]22<Q 3 b 8,9 |o_ ,_l S4,2 _1,3 18,b 39,1 44, 21o -_,0 -0,4 -12,0

4]h3 3JA2 }/2h _ b V,O }_2 ._)_ V6,11w _],4 _6,1" _,_} 22. ',,2 -;,_i -l,_ -12,0

4165 3Jh? I_ _,_ _ L_ He i 2,_, • (2 Vie2 _,Z 85,5 *'9. _ Jl, I _, -/,7 -0, 5 -II,5



NO DATETIME MAXMAGNCO5 BiG MAX END V VDOT ER- LOG LOG LOG

196- CSl _IAGN RISE Z H[ HT HT ROR MASS DENS SIGMA

I 2 3 4 5 6 ? 8 9 10 11 12 13 14 15 16 17 18

4171 3JA2 1313Q 4 _ _.9 1.6 ,70 i01,3" 92,2 90,7* 37,7 22, 3,7 -2,6 -1.9 -12.0

4177 3JA2 14 8 ) B 9.2 1,4 ,74 92,6 89.6 87.2 24.0 20, 4,1 -2.4 -1,8 -II,7

4187 4JA2 1215Q 4 B 8,2 2,2 ,77 9?.I 92,4 87.9* 39,9 21, 6,2 -2,6 -1,5 -11,9

4189 4JA2 1222Q 5 B 8.8 1.6 ,?4 iO?.3"I06,3 94,5" 41.1 24, 4,8 -2.7 -2,3 -12,1

4197 4JA2 1229Q 3 B 8.6 1,8 ,73 102,8" 99,8* 96,8" 39.2 35, 19, -2,9 -2.4 -12,0

4199 4JA2 13 7Q 6 B _.I 2,4 ,73 93,0 88.6 84,2 38,7 18, 5,5 -2,5 -I,0 -II.9

4207 4JA2 1317Q 4 B _,7 1,7 .69 107.2"102.5" 97,8* 39,? 17, 4,4 -2,7 -2,4 -11.9

4217 4JA2 15 i 6 B _.? 1,6 ,85 8_,3 84,1 80,0 24.5 ,35 1,4 -2,1 1.4 -10,1

4224 4JA2 17 5 3 B U.6 1.7 ,80 III,O*I07.9*i04,74 18,5-,65 2,9 -I.7 -2,0 -I0,I

4258 15JA2 417 6 B 8.6 1,? .85 83.0* ?8.4* 73,8* 19.8 5,7 1,7 -I.7 -0,2 -11,3

6268 IbJA2 513 6 B 9°3 I,I ,68 105.2"100.9" 96,7* 30.7 20, 6,8 -2,6 -2.7 -11.9

4280 15JA2 622 6 B 9.6 0,5 .83 98.4* 91.0 86.1" 30,0 8.5 4,8 -2.6 -I.0 -11.6

4281 15JA2 624 4 B 7.5 2,5 .84 99.7 93.8* 90.4* 38,4 ,69 2,9 -2.2 0,2 -10.4

4303 16JA2 4 1 6 B _.6 1,5 .86 97,3" 91,1 83,6 30,1 19, 3,4 -2,2 -I,6 -12.0

4304 16JA2 4 7 4 B 8,8 1,5 .84 88.9* 84,8* 80.8* 20,2 8,4 1,8 -1,9 -1,0 -11.4

4305 16JA2 4 9 6 B 7.7 2,4 .80 102.7" 98.4" 94.2* 26.7 5,3 1,2 -1,8 -2,0 -II.3

4330 16JA2 6 9 6 B 9.2 1,2 ,?8 93.1" 88,6" 84,1" 34,9 8,9 6,9 -2.8 -0,5 -II,5

4331 IbJA2 621 6 B do4 I,_ ._O 96.3 m 91.7" 87.2* 28,4 18, 11, -2.I -1,9 -11.8

6332 16JA2 623 3 _ _,4 I._ o83 87,9 85.1 82,9 36,0 2.8 20. -2,8 0,8 -10.7

6338 16JA2 8 8 _ B _.9 1,3 .83 95,2 90,3 85.7* 44.5 21, 22, -3.0 -0*6 -11.9

4340 16JA2 818 3 B @._ 1.1 .90 82,8 79,9 7?,7 36,4-32, 33, -3,0 -0,1 -11.8

4347 16JA2 915 6 B 9.5 0,7 ,78 9B,7 93,7 88_7 38,9 22. 7,6 -3,0 -I.4 -12,0

6351 16JA2 II 5 _ B b.O 2,2 ,79 99,4 95,3 9116 36.4 32, I0. -2.4 -2,2 -12.0

4352 16JA2 11 8 6 B 8.8 1.4 .8| 9_.0 89,7 8564 36.0 31, 4,9 -2,7 -I,4 -12.0

4353 16JA2 II 8 4 B 8.7 1.7 .80 91,0 85,9 8113 37.B 12, 6,2 -2,7 -0.2 -11.?

4356 16JA2 1118 _ B 9.5 1,1 ,16 84.5 8168 T9_2 34,2 27. 29. -3.1 -0.2 -11.8

6364 17JA2 917 3 B 7,9 2,0 ,86 97,5 i 94_4" 91.4" 48,6 30. 48, -2,9 -I,6 -ii,8

4365 17JA2 918 3 B 7,8 2,5 ,17 96,21 93&i* 90,1" 38,0 9,4 3,5 -2.5 -i,I -II.4

437_ 17JA2 1023 3 B _,5 I,6 ,_1 99,9* 96&7" 93,5m 37,_-I,6 22, -2,8 -0,2 -I0,6

4378 17JA2 1129 6 b 8,1 2,5 ,68 95,3 91&9" 89,0 36,4 58, 21i -2,_ -2.1 -12,2

4381 17JA2 1215 6 _ 862 2,2 ,71 104,3 I00_4 97,1 37.7 22, 5,3 -2.5 -2._ -II.9

4382 I?JA2 1223 6 b _oI 2_2 ,75 I03_I* 9_9" 94,7* 37,8 1,1 4.6 -2,5 -0,3 -10,6

4384 17JA2 12}0 6 B 9;4 O&9 ,8l 89,8m 85;4" 80,9" 23,5 2o7 3_1 -2,3 -0_0 -11_0

4403 183A2 1310 3 B 9;4 0;8 ,80 94_2 91_2 88_7 27,9 21o 6&? -2_? -l&? -11_?

4404 18JA2 13ii 4 B U;l 2;2 _79 92_3' 8?&?" 83_I* 29,1 13, 3,5 -2,l -l&2 -II,?

4408 IeJA2 1318 6 _ ?;e 2_3 ;86 95_2" 88&3" 81_5" 27_5 II_ 3_7 -I_7 -I_ -II,8

6412 18JA2 14 O 5 B 9_0 l&b &74 98_6 92_ _765" 26_2 4_9 2@3 -2_1 -1_3 -11,_

6420 I_JA2 14 8 3 _ 9;0 i$2 _85 87_* 84_7- 81_6, 26&b 21_ 7_8 -zk5 -I_O -11.7

6426 18JA2 14Z9 J B u$8 i&D _78 97,4 94,b 92_} 16_I 2.0 510 -l&_ -lib -lO,O

6427 18JA2 15 1 4 B U_9 |;1 _0_ 90_8_ 86_2w 8[_7, 20_7 1_9 ll_ -1_9 -0_3 -lO,8

4_28 I_JA2 15 _ _ B _Z 261 _80 97_1" 9263- 87_4, 24_3 6o3 _96 -1,8 -1_5 -11,}

6431 18JA2 ]5_3

443_ I_JAz 1527

4478 29JAZ 4_6

4480 29JA2 5 4

6698 29JA2 bZ9

W_30 JOJAZ 517

4546 JuJAz 716

664V ;uJA: 7Z4

_bb5 J_JA2 II

t B _;1 2;0 %85 93_1 90,3 87_8 20,6 7,1 3_1 -|t8 -]_7 -11_2

L_ _/ l_ _ /I 100_5 W 9J,._ _8"_5" 26,1 l&4 363 -i_@O -0,7 -10,9

4 B ?$8 2_5 ,7_ 99_S VZ_4_ 89;0 W 3_,,0 ,_I 1,4 -2,I 0,- _ -I0,6

3 0 _o6 _,kl ;00 '13;Z_ 90_1' 87*0_' _u,L ,_3 2,0 -_;b 1,2 -'_,')

3 B l_&v l_..t _U.t 8'_4_' _I6_Z_ _t,O_ _J .tbi_ 16t -.'._ -1,1 -11,9

6 U V,| _,_ • 15 90,4 t HS_ I* I31 ,0 _i 2_,9 10_, ,51 -2,,' -i,O -|l,b

5 t_ _,J L%V _,U4 91_9 '8'61'1 till'/ 23,J _,b io/ -_-,2 -0,6 -ll,._



NO DATh TIME _AX MAbN COS bEG MAX END V VDOT ER- LOG LOG LOG

196- CSI M;GN RISE Z HT HT HT ROR MASS DENS SIGMA

i 2 3 4 5 6 ? 8 9 i0 II 12 13 14 15 16 17 18

4578 31JA2 922 3 8 _,2 I.I .78 89,1" 86,i* 83.0* 26,4 7,2 4o5 -2,5 -0,4 -11.3

4566 30JA2 II12 3 B " ,9 2,5 ,79 88,5 85.1" 83,6 30,4 Ii, 1,3 -2,3 -0,7 -11,3

4584 31JA2 i0 5 4 B *.7 2,3 ,86 94.8* 90,2* 85,5* 31,3 Io9 6,7 -2.0 -0.2 -10,8

4586 31JA2 i010 4 b '.5 2,4 ,87 97.6* 93o0" 88.4* 40.7 23, 6,4 -2,4 -I,6 -11.9

4591 31JA2 1025 4 8 _J.4 0,9 ,81 91,5" 87,0* 82,5* 36,1 17, 8,3 -2.9 -0,6 -II,8

4592 31JA2 1026 3 8 '_,0 Iol ,86 88,4* 85,2* 81,9" 24,7 12, 3,7 -2,3 -0o9 -11,5

4593 31JA2 1027 4 B '_,0 1,3 ,80 92,5" 87,8" 83,0* 32,1 11, 2,4 -2,5 -0,7 -11.6

4594 31JA2 1029 3 B _,b 1,6 ,81 93,2* 90,I* 87,I* 32,8 38, I0, -2,6 -I,7 -12,0

4596 31JA2 Ii 5 3 B i_,2 1,9 ,80 97.1" 94,0* 90.8* 31,0-8o2 9.7 -2,4 -I,4 -11.3

4597 31JA2 ii 6 4 B I;,6 0,7 *75 99.3* 94,7 88,4" 43.9-16, 14. -3,2 II,0 -11.9

4598 31JA2 III0 3 B ).I 1,3 ,79 88,4* 85.2* 82,1" 27,3 9,7 4,7 -2,5 -0.5 -II,4

4599 31JA2 II15 3 B t,5 2o5 ,88 95,6" 92,3* 89,0" 38,8 II, 5,1 -2,4 -l,i -11,5

4605 31JA2 1213 3 B 3,6 1,9 .74 91.0 88,4 86,3 41,1 21, 7,i -3,0 -0,7 -II,6

4610 31JA2 13 4 3 B ),6 0,8 ,75 93,9 90,9 87,8 27,9 3.8 8=4 -2=7 -0.5 -11,0

4611 31JA2 1310 3 B 3,7 1,8 ,79 80.9* 77,9* 74.9* 23,1 14, 1,6 -2.1 -0,3 -11,5

4614 31JA2 1322 3 B _,6 0,8 ,74 94,6* 91,6" 88,6* 21,3 4,0 2,2 -2,4 -i,I -II,0

4635 IF£2 1217 3 B _.I 1,2 ,83 88,1" 84,9* 81.7" 27.1 24. 5,9 -2,5 -i,I -Ii,8

4638 IF_2 1218 4 8 _.0 2.4 .77 88.3" 83.5" 78.8* 27.6 14. 1,1 -1.9 -0,9 -11.7

4639 IFE2 1219 4 B _._ 1.5 ,79 99.4* 94.6* 89.8* 31,9 7,5 2.I -2.4 -1,4 -11,5

4644 IF£2 13 5 4 B 1,7 2,3 ,84 96.6" 91,9" 87,2 _ 29,3 2,4 ,96 -1.9 -0,7 -II.0

4652 IFE2 1327 3 B 8.8 1,2 ,88 86,8* 83,8* 80.8* 20,1 4,5 14e -2,0 -0,4 -11,0

4699 12FE2 5 i 3 C 8,2 2o5 ,83 97,1" 92,8* 88.5* 34.5 14, 4,9 -2,4 -I,3 -11,7

4711 12FE2 525 3 C 9,6 1,3 ,75 95,4 91,3 89,6" 26,1 3,4 6,9 -2,7 -0,8 -10,9

4715 12F£2 6 7 3 C _.6 2,0 ,87 90,9* 87.6* 84.3* 35,2 II, 12, -2,7 -0.4 -II,5

4717 12FE2 615 6 C 8.5 2.0 ,86 96,7* 85.6 81.5" 27,0 1.6 1,0 -i,9 -0,I -II,0

4718 12F£2 617 4 C b.9 1.7 ,85 98,5* 98.5* 88,5* 36,8 9.4 14, -2.7 -0.9 -11.6

4719 12F_2 619 3 C 9,3 1,2 .86 90,9 88,4 86,7 37,0-33, 80, -3.3 -I.0 -11,7

4726 12FE2 710 5 C 8,8 1,8 ,85 103,6" 95.3 90,6* 36,6 18, 8,6 -2,5 -I,9 -11.9

4731 12FE2 716 3 el0,0 0,8 o84 85,2* 82,2* 79,2" 22.1 19, 6,3 -2,6 -0,e -Ii,7

4732 12F£2 721 3 C 9,2 1.6 .84 85,3 82.4 80,2 27,5 6.6 3,8 -2,7 0,I -11,1

4744 13FE2 327 3 C 9,8 |.I ,78 88,5 84,8 81,8" 20,1 ,3_ 4,3 -2,3 I,I -i0,0

4752 13FE2 4 8 4 C 9,3 1.2 ,8_ 103,8" 96,3 93,5* 29,2 8,9 2,8 -2,5 -2,0 -11,6

4761 13F£2 512 3 C 9,0 1,9 ,72 i00,3" 99,1 92,9" 28,4-8.1 6,8 -2,4 -I,8 -11,4

4764 13F£2 520 4 C 8,b 2,2 ,79 100,6 96,0 91,4 30,6 15, 1,8 -_.3 -2,2 -11,8

4765 13F52 522 4 C 8,5 2,5 ,72 95,3" 88,5* 84,5* 25,6 2,8 I,5 -I,9 -0.7 -11,1

4766 13FE2 526 4 L 8,3 2,W *80 104,9 I00,8 96,7 31,3 15, 4,1 -2,3 -2,6 -11,7

4772 13FL2 6L4 4 C 8_8 2,1 ,77 89,8 85,q 82,0 23,5 I_, 2,5 -2,1 -i,3 -11,6

4787 |3FE2 B17 3 C 9,2 |,7 ,76 88,7 85,_ 83,4 38,3 27. 5,6 -3,1 -0,6 -11.8

4796 13_E2 9|8 4 C _,5 2,4 _78 96,7" 92,5 87,2 27_9 9,5 1,3 -2,1 -|,4 -11_6

4797 |3F£2 924 3 C 8_7 2,3 ,76 88,7* 85,5" 82,3" 17,6 2,9 ,35 -I,7 -0,8 -I0,9

4804 13FE2 10 6 3 C 9,2 |,6 .80 92e2 89,8 87*5 39,0-18, 32, -3,2 -0,7 -I_,5

4806 13FE2 IU15 4 C 9.6 1_3 18_ 89,3* 83,5 79,3" 21,_ 5,3 2,5 -2,2 -0,4 -I|.3

4814 13F52 I()_i 4 C 9,0 1,5 *82 {07,0 _0_*2 95.7* 35,0 29, 5,8 -2,7 -2',8 -I_,I

4818 13Ft2 1{ | 4 C 7.9 2,_ ,82 |13,_ _0518"t03,3" 42,8-14, 12, -2.5 -2.9 -1_,8

4820 13F_2 I! 5 _ C B,9 2,0 ,76 96,9* 93,7* 90,4" 32,6 _,6 24, -?,7 -0,9 -11,2

4825 13FL2 1119 4 C B,4 2.5 _74 9%,7 9{_3* 87,7* 33,3 15, 1.8 -2,3 -I,6 "II,8

4831 13F£2 1127 3 C 8,2 2,_ .82 90,6 87,0" 83,6" 32,2 10, 6,0 -2,4 -0,7 "II,5

4833 13FE2 1130 4 t 8,3 2*5 *79 97.3" 92,9* 88m6 e 28,0 20t 2,0 -de1 "2,1 --11_9

4839 14FE2 8{4 3 L El,3 2,1 ,88 93,1 90,2 88.1 36.4-28, 20, -_,8 -I,4 -11.7

_847 1_FE2 922 J C 9,(, [_4 ,16 8t,,J" 83_4_ 80,_" 26_6 24, |O_ -2,7 -0,8 -11,8



NO DAlE

196-

1 2

TIME MaX MAGN LOS BEG

CSI MASN RISE Z Hf

5 4 5 o ? 8 9 I0

4854 14FE2 929

4856 14FL2 1013

4859 14F£2 1016

4865 14FE2 1126

4886 14FE2 12 8

4877 14FE2 1325

4892 15FE2 12 5

MAX _ND V VDOT ER- LOG LOG LOG

HT HT ROR MASS D_;% SIGMA

Ii 12 13 14 15 16 .( I_

3 C 9,5 1,5 ,72 98,4 95,4 92,7 25,9 18, 4,1 -2,5 -2,3 -.:.7

3 C 9,b 1,1 .84 93.1" 89,7* 8604 W 27,7 1,6 8,7 -2,7 0,2 -IU,6

4 C 8,b 2,2 ,60 89,1 84,? 80,0 31,8 22o 5,8 -2,4 -0.9 -11,9

3 C 8,4 2,5 ,76 91,9" 87,0" 82,1" 31,7 13, 5,0 -2*3 -0*9 -11,7

3 C 6,3 2,5 ,78 99,6" 95o2" 90,8 W 36°2 26. 1,6 -2,4 -2,0 -12,0

3 C 9.4 1,4 ,80 89,7" 86,9* 84,0" 22.8 II, 12, -2,4 -i,0 -Ii,4

3 C 8,0 2,5 .80 112,7"109,5"106,4" 26,8-,38 1,3 -2,1 -1,4 -i0.0

4894 15FE2 12 7 3 C 9,t 1,7 ,81 90,7 87,5 84.3 34,8 29, 7,7 -2,9 -i,0 -II,9

4895 15F£2 12 8 3 C 9.7 1,2 ,79 91,I* 87,9* 84,1N 34,2 39, 3,9 -3,i -1,2 -12,0

4897 15FE2 1214 4 C _._ 2,5 ,78 94,4 88,5* 85,0* 29,2 9,3 1,0 -2,1 -I,3 -II,6

4917 15FE2 1328 4 C 8,4 2,5 ,73 97,9* 93,2" 88,0 30.6 21, 5,6 -2,2 -2,0 -12,0

4937 15FE2 1612 4 C _,l 2,0 ,80 I01,8" 97,2" 92,6" 17.9 3,5 1,2 -i,6 -2,4 -Ii,i

4974 26FE2 7 4 3 C b,2 2,5 ,83 85,9 83,2 81,4 51,2 8,4 8,2 -2,5 -0,I -11,2

5050 28FE2 9 2 5 C _,3 2,5 ,81 96,3" 93,6 84,0" 31,4 19, 2,6 -2,1 -1,5 -12,0

5062 28FE2 925 4 C e°6 2,5 ,71 93.5" 89,5" 85,4* 29,5 19, 2,1 -2,3 -I,4 -11,9

5063 28F£2 iO i 4 C ao_ 1,6 ,87 90.3 85,3 80,4" 39,3 i0, 6,5 -2,8 0,0 -Ii,6

_065 28FE2 IO 7 4 C 8.8 1,8 083 93,4 89,4 85,5 31,8 24, 4,Z -2,6 -I,4 -ii,9

5067 28FE2 iU 9 4 C _.2 2,5 ,80 103,4" 99,4* 95,5* 34,4-,36 5,0 -2,4 0,2 -i0,I

5068 28FE2 i0 9 3 C 9.1 1,7 ,71 88,3 85,6 83,7 30,6 16, 5,4 -2,8 -0,6 -11,5

5071 28FE2 I011 3 C _,9 1,8 ,88 95,8* 91,6" 87,4" 30,0 17, 2,7 -2,4 -1,5 -11,7

5072 28FE2 1012 4 C _,8 2,1 ,77 89,9* 83,8 78,1" 31,2 19, 2,2 -2,3 -0,8 -11,9

5073 28FE2 1019 4 C e.7 2,2 ,79 89,5" 84,7* 80,0 _ 29,3 7,5 2,0 -2,3 -0,_ -11,5

5080 28FE2 ii 2 3 C _.9 2,0 ,77 90,2 87,7 85,5 26°6 13, 3,2 -2,5 -I,I -|I,4

5081 28FL2 II 4 3 C _.6 2,2 ,80 87,8* 84,4" 80,9 _ 28,2 20, 3,6 -2,3 -0,9 -11,8

5087 28F£2 1119 4 C £.7 1,8 ,84 95,5* 90,8* 86,4* 42,1 17, 13, -2,9 -0,8 -11,8

5088 28FE2 1119 4 C 9.1 1,6 ,80 91,3 86,7 82,2 33,3 28, 5,6 -2,7 -I,I -12.0

5093 28FE2 1124 _ C £,_ 2,5 ,81 94,6* 91,6" 84,9" 29,2 6,5 1,6 -2,1 -0,8 -II,4

5096 2BFE2 12 1 3 C t,O 2,5 ,83 98,8 96,0* 93,1 31,8 37, 7,I -2,4 -2,5 -11,9

5097 28FE2 12 I 4 C _,l 2,1 ,82 85,5* 80,7" 76,0" 28,2 7,5 4,4 -2,3 0,i -II,4

51Of 28FE2 12 8 4 C £,5 2,5 ,79 96,1" 91,8e 67,5" 35,0 20, 4,1 -2,5 -|,W -11,9

bl3U 28FE2 I_23 3 C t.8 1,9 ,77 99,0 W 95,8" 92.6_ 13,5-I,I 3,9 -1,3 -1,9 -I0,5

5202 12MR2 7 5 3 C 5,0 1,9 ,80 84,5* 81,4" 78,3* 21,1 7,6 1,7 -2,I -0,4 -II.3

5284 IiMRZ 717 4 C 5.2 1,3 ,84 92,0 86,1 81,_" 31,4 12, b,O -2,6 -0,7 -II,7

5269 13MR2 _ 3 4 C ).9 2,5 ,88 91,_* 88,1" 79,8" 37,5 25, 5,3 -2,3 -0,8 -12,1

5270 13MR2 8 9 5 C t,4 2,0 ,8_ 93,2" 92,6 80,6 _ 31,2 15, 3,0 -2,2 -0,9 --11,8

5271 13MR2 816 5 C t,O 2,3 ,88 96,1" 90,7" 85,2' 35,1 13, 3,3 -2,3 -I,i -ii.7

5279 13MR2 830 6 C £,0 2,2 ,81 i01,_ m 95,b_ 89,1" 34.9 12, 1,7 -2,2 -1,7 -II,8

5281 IbMR2 916 4 C Sol 1,_ ,82 94,6" 90,5_ 86,4* 31,9 13, 4,3 -Z.7 -I,0 -II,_

5287 l_MR2 925 3 C t,_ 1,8 ,82 9b,4 91,6 _,b 24,2 _,I 5,7 -2.2 -1,4 -II,4

5289 13MR2 926 4 C L, I 1,9 ,85 92,2 88,2 64,_ 28,1 ZSo 4,1 -2,3 -I,4 -11,9

0292 15MR2 IU12 4 L 5,4 I,I ,84 I00,_" 90,8 90,7 * WI,6 26, V,6 -3,1 -1,5 -12,0

0294 I_MR2 i_15 5 C _,I 1,6 ,86 Ubo_" [6.8 _4,4_ 22,_ 6,I 1,3 -I,8 -0,_ -11,5

0297 JJMR2 1021 4 t _,4 2,4 + 12 |O3+2 98+5 93,9" 45,0 16_ 15, -2,8 -I,7 -II+8

5299 I3MR2 11 9 _ C '.,W 1,2 ,e3 87,7_ 84,7" 8|,7 _ 31,9 44, 34, -2,9 -I,O -12,0

55;31 l_M_2 1110 3 C t,O 1,5 _1 9_,3 _ 93,4" 90,6 _ 33,0-_,I 20, -Z,8 -0,9 -11,2

05L_4 I._MR/ II16 W L t,_ 2,_ +76 9o,6" 91,_ _" 87,1" 39,2 6,6 3,4 -2,6 -0,7 -II,4

b.'_'6 13MRZ IIZ[_ h ( ' ,i 1,6 ,17 91_,9,_ 9_._ 81_,I_' 37,0 l'i, "6,4 -Z,7 -I.,5 -|2,0

bJll 14HI<. H t. 4 .. e ..H I,I ,_b '.'E,i W #sheU" _.,,," __l,Z II, 4,,,I -Z,D -0,8 -_|.(,

_'._ZU j_Mh'Z 4"_|4 _ t .._ _*i ,e_', I//,,:,"l.-'_*.l"lz(;,')' 4,J,_-_.!ed It_ -2,7 -_,9 -11.3



NO bATE TIML MAX MA_N COS b_b MAX LND V VDOT ER- LOG LOG LOG

196- CS[ _AbN RISE Z HT HT HT ROR MASS DENS SIGMA

I 2 3 4 b 6 ? _ 9 I0 ii 12 13 14 15 16 17 18

5323 14MR2 828 4 C 9,1 1,7 ,77 96,2 N 89,9* 83,6* 31,9-20, 11* -2,4 -I,5 -12*0

5324 14MR2 829 4 C 8,7 2,0 ,78 99,6 92*7 88,9* 45,7 15o 5,0 -2,9 -I,I -11,8

5325 14MR2 829 5 C _,5 2,2 ,84 92,2 W 79,?* /9,7" 28.0 7,O 2,7_-I,9 -0,7 -11,5

5330 14MR2 9 3 _ C 8,4 2,4 ,79 91,9" 87,2* 82,6' 28,8 10* i*0 -2,1 -i*0 -11,6

5331 14MR2 9 9 3 C 8.1 2*5 ,79 100,2" 97,I* 94,0* 44o3-5,9 15, -2,9 -0.8 -11,2

5334 14MR2 911 3 C 9,b I*| ,85 92,1" 92,1" 84,6" 32,8-14, 22, -2.9 -0,7 -II,6

5344 14MR2 i0 6 5 C 9,1 1,3 ,B6 9_*6" 90*6" _7.6" 33,9-39, 24, -2,9 -I*6 -12*0

5346 14MR2 1013 5 C 9,I 1,4 ,86 94,9 88.8 83,4* 30.6 22, 2.2 -2*5 -1.5 -12,0

5351 IQMR2 1023 4 C 9,3 1,5 *78 92,5 85.i 82,2 W 32.5 15, 3*4 -2,8 -0o9 -11,8

5352 14MR2 1026 3 C 8,0 2o5 ,85 97,2" 93,9* 90,?* 35,3 8*7 15* -2,5 -i*2 -Ii,3

5555 14MR2 11 4 4 C b,4 2ol ,78 117,0 III,9 i07,6" 32,0 13o 8*2 -2,3 -3*7 -II.7

5356 14MR2 1114 3 C 903 1,4 ,79 95,8 _ 9205* 89,44 40e9 33* 14o -3,2 -103 -11.9

5357 14MR2 1115 3 C 904 106 ,79 83,6" 80,7* 77,7* 2705 22, i0, -2,7 -0*4 -11,7

5361 14MR2 12 i 3 C _,3 2,5 ,70 104o9"102,0" 99,1" 39,0 24, 20, -2.7 -2,5 -11,8

5362 14MR2 12 6 3 C 9,1 1,2 *76 87,0* 8400 80,0* 29.7 20. 8.2 -208 -0,8 -11,8

5366 I_MR2 1211 4 C b,2 2o5 ,78 I03,4 9306* 93.6 W 34,8-3.2 4*4 -203 -103 -11oi

5368 IWMR2 121_ 3 C 9,1 1,4 .86 93,5* 90,5* 87,4* 27.0 8,2 15* -2,5 -I*0 -Ii,3

5370 14MR2 1219 3 C _,6 1,9 .86 91,4" 88,2* 85,0* 35,0 23. i0, -2,7 -i,0 -11,7

5397 14MR2 15 b 3 C _00 I*9 ,74 92,3* 88,8 85,0 21,6 2,9 i.I -2,0 -0.7 -11,0

5401 15MR2 1149 3 C 9,0 1,6 ,84 92,5* 89,6* 86,6" 35.0-15. 34* -2,9 -0o8 -11,5

5403 15MR2 12 8 3 C b,3 2.5 083 86,0* 83,0* 7601 29,2 2_, 5,_ -2.i -0,7 -12,0

5426 15MR2 15 0 3 C SoU 109 ,87 77,I 74,2 72,0 19,7 7*2 2*0 -2,1 0*2 -1101

5482 26MR2 6 5 4 C _05 200 084 96,1" 91o5" 86,8* 34,6 13, 3,5 -2.5 -I.2 -11,7

5483 2OMR2 6 8 3 C B,5 2,5 ,81 79.5 77,0* 75,2 2009 13, 3,6 -2*I -003 -ii.4

5494 26MR2 7 3 3 C 901 I*6 ,84 86,4" 83*6" 80,8" 28.2-3,1 1_* -2.6 0*6 -I0.8

5496 26MR2 719 3 C 9,9 I*I 077 88,5 8305 80*4 29,9 BoO 17o -3,0 0,I -11.3

5538 27MR2 6 4 3 C 9.2 Io2 *86 97*6 94o8 9Z,8 22*I II* 7,6 -20_ -2*I -11,3

5539 27MR2 613 3 C 9.9 0,9 ,81 87,1" 84,3* 81,5" 24,0 9,I 14* -2,7 -0,4 "11,3

5544 27MR2 523 3 C b.t I*8 o85 89,5 80o7 84,6 20,8 5,4 8*5 -2.I -0,9 -11,0

5557 27MR2 817 3 C _.8 2*I *77 87,5 8407 8_,9 26.0 550 13* -2,5 -I*4 -I108

5561 27MR2 i0 9 3 C 9,0 107 ,80 94,9" 91,7" 8804* 38,3 29, 8*3 -3,0 -I*4 -11*9

5566 27MR2 1018 4 C _.6 I*_ ,85 104,0* 99*6" 95*2" W|ol 13* 9*8 -2*8 -I*8 -11,7

5567 27MR2 1018 3 C t,9 2,5 ,85 I02,5 98,7" 96oi 3?.6 _,4 25, -2,_ -Io5 -11o3

5568 27MR2 1024 4 C V,b 1o2 o80 95,5 92o0 88,5 19,2 2,1 I,i -2,1 -I,I -10.9

5569 27MR2 1025 4 C 9,3 1,4 ,_3 88,7* 8_,4" 80,0" 1909 707 1,5 -2,0 -0,8 -ll.&

5570 27MR2 1025 W C _o/ 2,0 _83 90,9* 90,9_ 8|,_" 2{,I 1,3 I*8 -I*8 Ool -_0,7

5571 27MR2 _u28 3 C _,8 |_9 ,79 98,_* 95w2* 9_,3 _ 42,_ |I, 20, -3,_ -0*9 -11,W

5588 2bM_Z lu15 3 L _ _,2 _86 90,9_ 88o0" 85,0' 4i_8 Z3_ 34, -_,3 -Oow -ii,7

5595 2_MR2 I02_ 4 C _,L 1,7 ._2 8_,7' 79,2* 7_,6" 34,0 25, 3,5 -207 -Ool -12o0

_597 2_MH2 11 5 4 C _,2 2,5 ,82 97,8 93_7 89,5 31,g 22, 2,b -2,3 -1,9 -11,9

5598 2UMR2 I| _ 3 C '_,b |,2 .79 I02_2' 98,2_ 9Q,2 _ 36_6 7,9 I_, -_*0 -i,2 -11,4

5614 Z�MH2 i[47 W C _,0 2,b ,87 _|*b' 87o_' 82./" 25*8 &*W 3oh -I*9 -0,8 -11,3

b&ZO 29MR2 12 4 4 C doU _o6 ,U{ llW,5'llO*_'IOb,8" 26.0-I,0 b,8 -_,2 -2*0 -[0,6

U_2_ Z�MM2 12 9 W C _._ 2,3 *U_ 95,_' _Io9" U/.2" 31,| b,_ Z,O -£,2 -Io0 -||,3

bbZ_ Z�MRZ 1215 _ £ '*,6 %._ _Ib _;.4 N _5.4 _ 8'9,4' _o5 18, 4,6 -_eW -2.1 -|I._

b661 Z_MR2 l_ZZ _ L_J,_ _,_ .I, 7b.7, 13._ /O.U' lJ, l 3,! .51 -l,b -0,0 -II.I
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